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at 40C, produced DFC with optimal values for functional properties (hydration
properties, oil holding capacity, specific volume, water soluble fraction) as well as
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doi:10.1111/fpp.13071 b* color parameter and content of phenolic compounds. The DFC obtained from
papaya peel using the same conditions, showed a higher content of cell wall poly-
saccharides and higher glass transition temperature (38C) than the one obtained
from pulp (8C) and the polyphenol content doubled the one of pulp. Both DFCs
showed potential to be used for nutritional purposes as well as for technological
applications as antioxidants and/or thickeners.

14 PRACTICAL APPLICATIONS

15 Consumer demands for more healthy food products and global policies on the
issues of health and environment are the keys for the development of innovative
food products with profitable markets. The conversion of by-products from the
papaya industrialization to dietary fiber concentrates (DFC) with functional activ-
ity fulfills these requirements, being salad dressings or dairy products, the targets
for DFC application as viscosity modifiers and nutritional value improvers.

s INTRODUCTION pounds such as lactic acid obtained through fermentation 29

processes (Pagana et al. 2014; Panesar and Kaur 2015), phe- 30
19 By-products are generated in the different stages of food = nolic compounds with antioxidant activity and polyunsatu- 3
20 processing. These products consist of peels, seeds and parts rated fatty acids (Bordiga et al. 2015; lora et al. 2015). The 32
21 of the pulp in the case of fruit and vegetables. Moreover, production of dietary fiber (DF) from these residues is 33
22 plant tissues that do not meet the quality requirements of another way of adding value while giving origin to a nutri- 34
25 the industry and the market, are disposed as wastes from tional ingredient to be incorporated in food (de Escalada 35
24 agricultural feedstocks. The transformation of plant wastes Pla et al. 2007; de Escalada Pla et al. 2010; de Escalada Pla 36

25 into value added products can help to retrieve valuable bio- etal 2012). 37

26 mass providing the possibility of a better use of this impor- Several studies have shown that a diet with an adequate 38

AQ2 27 tant source of nutrients (Laufenberg et al. 2003). Es. . .., new intake of DF is associated with a low incidence of some 39

AQ3 28 version. These wastes can be used to produce valuable com- chronic diseases such as obesity, diabetes mellitus, colon 40
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DIETARY FIBER CONCENTRATES FROM PAPAYA

cancer, cardiovascular disease, colonic diverticulitis and
constipation (Eshak et al. 2010; Isken et al. 2010). Insoluble
fiber can absorb, swell and entrap water within its porous
matrix and water retention properties contribute toward the
bulking effect of fiber in the colon. They can take part in the
dilution of cytotoxic substances in the large intestine, thus
reducing harmful potency (Guillon et al. 2011).

Fractions enriched in DF can be incorporated into food
products as low caloric ingredients, for the partial replace-
ment of flour, sugar or fat, as enhancers for the retention of
water or oil, to improve the stability of emulsions or to pre-
clude oxidation processes (Elleuch et al. 2011). Functional
properties of DF are related not only to the source but also
to the process conditions implicated in its extraction (Guil-
lon et al. 2011). For instance, de Escalada Pla et al. (2010)
observed that functional properties of fiber obtained from
quince industrialization wastes, varied with drying condi-
tions. Nieto Calvache et al. (2015) demonstrated that when
an ethanol pre-treatment and a microwave drying were used
for fiber obtention from peach bagasse, the properties could
be modulated with the change in the conditions used for
both steps applied.

Carica papaya is considered the most important edible
fruit of the Caricaceae family (Wurochekke et al. 2013). The
plant grows in tropical and sub-tropical regions and its fruit
is rich in antioxidants such as polyphenols, vitamins and
carotenoids (Rivera-Pastrana et al. 2010). Asia is the main
producer of papaya in the world followed by South America,
Africa and Central America. The market demand for tropi-
cal fruits has been growing steadily over the past years, and
papaya has gained worldwide popularity. The U.S.A. is cur-
rently the largest papaya importer because of its high per-
capita income (Evans and Ballen 2012). It is cultivated
mainly for the fruit use as such for breakfast or for the pro-
duction of jellies, preserves and juices. It is also the source of
papain, the proteolytic enzyme with many industrial uses
(Oloyede 2005).

The aim of this study was to evaluate a technique pro-
posed for the production of DFC from papaya residues. For
this goal, it was evaluated the significance of different varia-
bles [extraction time t, extraction temperature T, ethanol/
sample ratio E/S and drying temperature Td] related to the
steps of extraction and drying involved in the process. It was
also studied the levels of the significant variables that allow
to improve the functional properties (hydration properties,
oil holding capacity [OHC], water-soluble fraction [WSF],
specific volume), color parameters (L*, a*, b*) and phenolic
compounds of the DFC obtained from pulp. The character-
istics of peel DFC obtained in the same conditions were also
evaluated and the determination of yield, alcohol insoluble
residue (AIR) content and glass transition temperature of
DFCs deepened the characterization of their technological
potential.
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MATERIALS AND METHODS

DFC Preparation

Papaya fruits were purchased in a local market of Buenos
Aires city, Argentina.

In a first step, the pulp and peel were separated. Then, the
extraction of cell wall polysaccharides was performed by
subjecting the pulp to different ethanolic treatments accord-
ing to the experimental design (Table 1). A mechanical
homogenizer at 10,000 rpm (Omni Mixer) was used for the
extractive treatment. Subsequently, the mixtures were fil-
tered and the solid residue was placed in polypropylene trays
(15 X 10 X 5) cm, with a bed height of 1 cm, for the follow-
ing drying step. Dehydration of DFCs was carried out with
an Ethos Plus microwave equipment (Milestone, Italy)
working at a maximum power of 450 W and at different
temperatures according to the experimental design (Table
1). The drying was conducted until constant weight was
achieved. Additionally, water activity (A,,) was measured to
corroborate that it reached values below 0.6 to assure prod-
uct stability (Muggeridge and Clay 2001).

The dried DFC was milled and sieved through a mesh
ASTM 40 to obtain particles of sizes below 420 microns.
Samples of each DFC, were vacuum packed in Cryovac bags
(Sealed Air Corporation, Argentina) and stored at —18C
until their characterization.

Evaluation of the Functionality of DFC

All determinations of the properties described below were
performed in triplicate.

Hydration properties such as: water-holding capacity,
WHC; swelling capacity, SC; water retention capacity, WRC;
retained water, RW as well as OHC were determined as pre-
viously described by de Escalada Pla et al. (2010).

The water soluble fraction, WSF of DFC was determined
on the supernatant of the WRC assay after its freeze drying.
The WSF was calculated as:

M1
WSF(g/100g)= T 100

where M, is the mass of solids in the freeze dried superna-
tant and M, is the mass initially weighed of DF fraction on
dry basis.

Physicochemical Characterization of the DFC

Apparent Density and Specific Volume. Apparent
density was determined by measuring the volume of a
weighed sample (/2 g) in a 5 mL graduated and calibrated
tube. The specific volume was determined as the inverse
function of the apparent density.
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DIETARY FIBER CONCENTRATES FROM PAPAYA

Moisture Content and Water Activity. Moisture was
determined on ~ 0.500 g sample using infrared heating
(Ohaus MB45 moisture analyzer Corporation) till constant
weight. The A,, was determined using an AQUA LAB Series
3 Quick hygrometer (Start Decagon Devices, Inc.).

Alcohol Insoluble Residue. AIR was obtained by con-
secutive treatments with boiling ethanol (96 mL/100 mL) of
the DFC obtained with the optimized process and galactu-
ronic acid content was determined on the AIR obtained (de
Escalada Pla et al. 2007).

Differential Scanning Calorimetry. The glass transi-
tion temperature, T, was determined by differential scan-
ning calorimetry, DSC, by means of a Mettler Toledo 822
equipment and STARe Thermal Analysis System version 3.1
software (Mettler Toledo AG, Switzerland). The instrument
was calibrated using standard compounds (indium and
zinc) of defined melting point and heat of melting. The
measurements were performed in duplicate with 14-17 mg
of each sample, using hermetically sealed aluminum pans of
0.04 mL inner volume (Mettler) which were heated from
—80 to 80C at 10C/min rate; an empty pan was used as a ref-
erence. The confidence interval estimated for temperature
was 2C.

Determination of Phenolic Compounds.
Determination of total phenolics was carried out according
to Bunzel et al. (2000). Briefly, 0.9000 g of DFC were mixed,
under vacuum, with 1 mol/L NaOH solution for 18 h at
25C. Then, pH was adjusted with HCI to approximately 2.
After centrifugation, total phenolics were determined on
supernatant by Folin Ciocalteau using gallic acid as standard
(Shui and Leong 2006).

Color Evaluation. The color of DFCs was measured in
triplicate using a photocolorimeter (Minolta, Japan) and
the L*a*b* space defined by the Commission Internationale
de I’Eclairage, CIE. The co-ordinates of this space are L*, the
lightness; a*, the grade of greenness/redness and b*, the
grade of blueness/yellowness. Each sample was placed onto
a white tile and values of CIE color space co-ordinates were
acquired using illuminant D65 and 2° observer angle.

Determination of Yield. The DFC yield (g/100g) was
determined as the ratio between mass of concentrate
obtained after the microwave drying and mass of papaya
pulp used.

Experimental Design and Statistical Analysis. In the
first part of this study, the effect of four factors: time ¢ and
temperature of extraction 7, ethanol/sample ratio E/S and
drying temperature Td on DFC properties was studied
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according to a complete factorial design (2*) at two levels
for each factor and considering central points (Montgomery
2008) which were performed in quadruplicate. Response
variables were: hydration properties (WRC, WHC, RW,
SC), OHC, specific volume, WSE, color parameters (L*, a¥,
b*) and content of phenolic compounds. The experimental
design, with coded and uncoded values, is shown in Table 1
and was performed in order to identify the factors present-
ing major effects on the properties studied.

In a second stage of this study, a response surface design
(Box Behnken model) was proposed, in order to evaluate
the effect of three factors: extraction time f, ethanol/sample
ratio E/S and drying temperature Td on DFC properties
(Montgomery 2008). The experimental data were fitted to a
second degree polynomial function:

k k k
Y:bo+z b,‘X,“i‘Z b,’,‘Xiz‘Fz b,‘inXj+ e
i=1 i=1

i<j

Where, Y is the response variable, b is the intercept value, b; 2
(i=1, 2...k) is the first-order model coefficient, b; is the >
interaction effect, and b;; represents the quadratic coeffi- 202
cients of X;. X; and X; are the input variables (factors) that

influence the response variable, and e represents the random
error (Betiku and Taiwo 2015). Finally, using a multiple
response analysis, optimal process conditions were defined.
The criteria used for this procedure were to obtain the high-
est possible values for the analyzed properties. This analysis

was performed by means of the desirability function which 2
is one of the most used techniques to optimize multiple 2

responses (de Barros et al. 2003). The basic idea of this func-
tion is to transform a multi-response problem into a prob-
a unique response through mathematic
transformations (Del castillo ef al. 1996). An analysis of var-
iance (ANOVA) was conducted to verify which factors affect
significantly the properties analyzed and to check the pro-
portion of variance explained by the proposed model
through the determination of the R* coefficient. The ade-
quacy of the model was also evaluated through the lack of fit
test (P> 0.05).

The software Statgraphics Centurion XV (02/15/06 V,
2007) was used in the experimental design and statistical
treatment of data.

lem with

RESULTS AND DISCUSSION

Complete Factorial Design

The results for all properties examined within the first
experimental design are presented in Table 1. The values

obtained ranged from 20 to 79.2 g/g for WHC, from 15.5 to 2

90.8 mL/g for SC, from 14.5 to 28.5 g/g for WRC and from

4 Journal of Food Processing and Preservation 00 (2016) 00-00 © 2016 Wiley Periodicals, Inc.
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J.E.NIETO CALVACHE ET AL.

34.5 to 80 g/100g for RW. For OHC, specific volume, WSF
and vyield, the values ranged between 0.83 and 1.64 g/g,
1.428 and 2.46 mL/g, 3.7 and 21.1 g/100g and 2.63 and
3.704 g/100g, respectively. Conversely, for the color parame-
ters L*, a* and b*, the values obtained ranged between 53.79
and 82.74, 3.62 and 36.46 and 19.43 and 48.77, respectively.
Finally, the content of phenolic compounds took values
between 0.27 and 0.41 g/100g.

The significance of regression coefficients, R* coefficient
and the test of lack of fit obtained by ANOVA are shown in
Table 2. It can be observed that for all properties studied, the
values of R* were higher than 72% and, moreover, P values
(lack of fit test) were higher than 0.05, showing that the
model proposed explained a percentage higher than 72% of
the variability of response properties and that the model was
adequate (confidence level: 95%).

The factors: and E/S as well as their interaction, signifi-
cantly affected all hydration properties, while Td had a sig-
nificant effect (P<0.01) on WHC and SC and T had a
significant effect (P < 0.01) only on SC. The effects of inter-
actions between various factors for SC were also observed
with a confidence level greater than 95%.

Conversely, E/S had also a significant effect (P < 0.05) on
the properties OHC and specific volume, while Td had a sig-
nificant effect on WSE. Some interaction effects also affected
WSE significantly (P < 0.05).

At least two factors had a significant effect on the color
parameters (L*, a*, b¥). A strong effect (P < 0.01) of E/Swas
observed on the three parameters and Td (P < 0.05) affected
a*. In addition, there are effects of the interaction between
factors on these properties with confidence levels of, at least
95%. Finally, the phenolic compounds were significantly
affected by the extraction temperature Tand E/S ratio with a
confidence level of 95%, and by several interactions
(P<0.05).

In this preliminary analysis, it could be verified that the
factors related to extraction step that exerted the greatest
influence on the properties studied were E/S and t. Con-
versely, Tand drying temperature Td affected an equal num-
ber (4) of properties. With the purpose of evaluating the
optimum process conditions that render DFCs with the
highest values for each of the properties of interest, a fixed
value of 20C (lowest level) was fixed for the extraction tem-
perature. In this way, the extraction temperature was set at
the lowest level, considering that when its effect was signifi-
cant on any response, this effect was negative. Accordingly,
subsequent response surface analysis, only included three
factors.

Box Behnken Design

The results obtained with the response surface design are
shown in Table 3. In this new design, drying temperature
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took values of 40, 60 and 80C because when the drying was :
performed at a temperature of 30C (lower level) in the com- 2
plete factorial design, the time required to reach constant 2
weight, was too long, and therefore not recommended from :

energetic viewpoint (drying times not shown).
The results obtained with this new design for hydration
properties ranged between 33.5 and 89 g/g for WHC, 27.1

and 90.6 mL/g for SC, 31.33 and 39.5 g/g for WRC and 47 >

and 66.3 g/100g for RW. For OHC, specific volume, WSF
and yield the results obtained were between 1.02 and 1.40 g/
g, 1.50 and 1.83 mL/g, 13 and 26 g/100g and 2.44 and 2.93 g/
100g, respectively. Color parameters L*, a* and b* showed
the following ranges 53.665-62.43, 26.66—32.29 and 28.88—
44.53, respectively. The content of phenolic compounds
ranged from 0.368 to 0.48 g/100g.

The coefficients of equations describing the response
surfaces for each property and the variance analysis are
shown in Table 4. It can be observed that the R* for the
hydration properties explained at least 81.10% of the vari-
ability for these properties, while for OHC, specific volume,
WSF and phenolic compounds they explained a percentage
higher than 79.28. As for the color, the parameter b* had an
R? of 98.81% while L* and a* had lower R* values (62.19%
and 63.87%, respectively). For all properties, the lack of fit
test showed P values higher than 0.05, which means that the
proposed statistical models were suitable for the explanation
of observed data with a 95% confidence level.

Figure 1 shows response surface plots for hydration prop-
erties, using E/S and Td as variables, while the t was set at
the lowest level (15 min) considering that it was significant
only for total polyphenol content (Table 4), and that a lower
time will contribute to the optimization of energy costs.

The WHC and the SC properties presented the same
trend. A strong and significant negative effect of the Td on
these two properties can be observed in Table 4. Both prop-
erties were highly influenced by the quadratic coefficient of

Td and by the interaction between E/S and Td. Figure 1 3
(Panels a, b) shows that when the E/S was low, both proper- 318

ties decreased when the Td increased. At high E/S ratios, the

same trend was observed until ~ 60C; from this point and 3
up to 80C, the trend reversed due to the positive quadratic 3
effect (Table 4) previously mentioned. Probably, tissue col- 3
lapse and shrinkage triggered by high Td, determined 32:
changes in the porosity and rehydration capacity (de Esca- 32
lada Pla et al. 2010; Nieto Calvache et al. 2015). Collapse 32:
and tissue shrinkage occurrence during drying can also be 32

associated to the presence of low molecular weight com-
pounds such as free sugars (Gerschenson et al. 1981; Guillon
et al. 1998) which could not be efficiently removed from the
matrix with low E/S ratios.

As can be observed in Table 4, WRC and RW showed sim- 33
ilar trends, being these properties significantly and nega- 33
tively affected by Td and positively affected by the 3
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FIG. 1. RESPONSE SURFACES REPRESENTING THE EFFECT OF THE ETHANOL/SAMPLE RATIO AND THE MICROWAVE DRYING TEMPERATURE FOR A
FIXED EXTRACTION TIME OF 15 MIN: (a) WATER HOLDING CAPACITY, WHC; (b) SWELLING CAPACITY, SC; (c) WATER RETENTION CAPACITY, WRC;

(d) RETAINED WATER, RW

Optimization

The optimal conditions were studied with the aim of maxi-
mization of each response. It can be observed in Table 5,
that the hydration properties (WHC, SC, WRC and RW)
might be maximized by similar treatments, specifically
applying higher ¢, low E/S and low Td. For other properties,
the optimal process conditions were different. These results
are important because they show the individual process con-
ditions that might be needed to optimize each property
along with the results estimated for each of them.

Multiple response analysis was performed to find the con-
ditions of extraction and drying that optimize simultane-
ously several of the properties studied. This analysis
included only WHC, SC, WRC, RW, OHC, specific volume,
WSE, b* and content of phenolic compounds, because these
properties showed the best values for R>. An approximate
response value for each property was also statistically esti-
mated for optimum conditions of treatment (Table 6). The
multiple response analysis suggested an extraction time of
15 min with an E/S of 2.9 mL/g followed by a microwave
drying at 40C. The desirability function for this method of
extraction and drying was d = 0.82. The scale of the desir-
ability function ranges between d=0, for a completely

undesirable response, and d = 1, for a fully desired response
(Bezerra et al. 2008).
A new production process was performed for papaya

pulp DFC with the conditions estimated by the multiple -

TABLE 5. RESPONSE SURFACE METHODOLOGY: OPTIMIZATION OF
RESPONSES

Ethanol
Extraction  sample Drying Optimum

Property time ratio temperature  value
WHC (g/9) 44.99 2.00 40.00 96.71
SC (ml/g) 45.00 2.03 40.00 100.91
WRC (g/9) 45.00 3.02 40.00 40.67
RW (g/100g) 31.87 2.00 40.00 66.15
OHC (g/q) 15.00 3.33 80.00 1.38
Specific volume 45.00 3.19 40.00 1.83

(ml/g)
WSF (g/100g) 15.00 5.00 54.57 25.95
b* 15.00 2.00 40.00 45.38
Total polyphenols  15.00 4.99 80.00 0.50

(g/100g)

WRC: Water retention capacity, RW: Percentage of water retained,
WHC: Water-holding capacity, SC: Swelling capacity, OHC: Oil holding
capacity, WSF: Water soluble fraction.
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TABLE 6. MULTIPLE RESPONSE ANALYSIS: PULP DFC PROPERTIES IN
OPTIMAL CONDITIONS. COMPARISON WITH EXPERIMENTAL RESULTS
FOR PULP AND PEEL DFC

Results estimated
by multiple
response surface

Experimental  Experimental

analysis for DFC  results for DFC  results for
Property of pulp of pulp DFC of peel
WHC (g/9) 86.39 90.7+0.9 27 £1
SC (ml/g) 85.11 84.0+0.9 20.3+0.2
WRC (g/9) 38.31 304+04 21+2
RW (g/100g) 61.52 46.30.7 39+2
OHC (g/g) 1.23 1.20 £0.01 1.37£0.03
Specific volume 1.68 1.64 +0.01 1.921 +0.006
(ml/g)
WSF (g/100g) 16.90 24 £2 15*1
b* 39.84 37.61+=0.04 38.78 =0.03
Total polyphenols  0.44 0.47 +=0.03 0.99+0.03
(9/1009)

WRC: Water retention capacity, RW: Percentage of water retained,
WHC: Water-holding capacity, SC: Swelling capacity, OHC: Oil holding
capacity, WSF: Water soluble fraction.

response analysis and the value of the product properties are
presented in Table 6. In general, it can be seen, that the
experimental results agreed with the statistical estimation
for each property. This comparative analysis validated the
statistical model used showing that prediction was adequate.

Papaya Peel DFC Production and
Comparison with Pulp DFC Properties

DEFC from peel of papaya was also produced with the condi-
tions of the process above described. Experimental results
for both DFCs are presented in Table 6.

Additionally, the AIR was evaluated for both optimized
fractions. The AIR content of pulp and peel DFCs were
76.1 = 0.6 and 83.1 = 0.7 g/100g, respectively, showing that
both fractions were enriched in cell wall polymers (Latorre
etal 2013).

The yield of peel DFC was 8.88 g/100g and it was greater
than the one obtained for pulp DFC (2.56 g/100g). de Esca-
lada Pla et al. (2012) reported DF yields of 2.6 and 4.6 g/
100g for fractions obtained from peach (Calred variety)
pulp and peel. Garau et al. (2007) also found a higher yield
for DF obtained from orange peel than from pulp.

Higher ratios between WHC and WRC observed in the
case of pulp can be attributed to its higher hydrophilicity
originated in its greater galacturonic acid content which was
16 =1 g/100g while for peel DFC it was 11 =1 g/100g.
WHC evaluates the water slightly associated with fiber
matrix, which can have a beneficial effect on the body by
increasing rapidly the stool weight (Cadden 1987) while
WRC represents the water strongly retained after being sub-

Cadmus Art: JFPP13071 Ed. Ref. No.: JFPP-09-15-0960.R1 Date: 26-April-16
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jected to external forces. DFC from pulp showed values of

WHC and SC of 90.7 g/mL and 84.0 g/g, which are higher -
than those reported by Nieto Calvache et al. (2015) for DF -

isolated from peach bagasse. These results denote a very
important water absorption and swelling capacity for the

papaya pulp DFC, which allowed to conclude that this fiber -

can be used as a functional ingredient to modify the viscos-
ity of aqueous systems, for example acting as a thickener of
foods.

In the present research, it was also found that DFC of

pulp and peel contained 24 and 15 g/100g, respectively, of -

WSE. Nieto Calvache et al. (2015) reported values of WSF

between 11 and 16 g/100g for fractions enriched in peach -
DF obtained through different techniques. It is important to -
remark that a higher value of WSF might produce a lower 4s:

T, if WSF is composed mainly by small sugars.
In contrast, OHC and specific volume of pulp DFC, were

lower (P< 0.05) than those of peel DFC (Table 6). The dif- 488

ference of OHC between both DFCs can be associated to the
difference of specific volume, taking into account the posi-
tive Pearson correlation informed above. The results
obtained for OHC ranged between were 1.20 g/g and 1.37 g/
g for pulp DFC and peel DFC and are comparable with val-
ues ranging from 1.22 to 1.67 g/g reported by Gémez-
Ordénez et al. (2010), for DF isolated from several edible
seaweeds from the northwestern Spanish coast.

The color is one of the sensory characteristics that must

be considered when evaluating the adequacy of a new ingre- -

dient for the food industry (Tosh and Yada 2010). According

to the results obtained (Tables 1 and 3), the drying tempera- :
ture and the conditions of ethanol treatment produced sig- 5
nificant changes in color. These changes might be related to -
certain reactions, such as enzymatic browning, nonenzy- :
matic browning and caramelization (Krokida and Maroulis :

2007).

The content of phenolic compounds determined as total :
polyphenols was 0.47 and 0.99 g/100g in DFC of pulp and
peel, respectively (Table 6). Rivera-Pastrana et al. (2010) 508
also found a greater content of phenolic compounds in exo- :
carp of papaya (Maradol variety) than in mesocarp. Con- :
versely, Saura-Calixto et al. (2007) and Hervert-Herndndez 5
et al. (2011) have reported values of 0.538 and 0.742 g/100g
dry sample, as typical values for extractable polyphenols in :

the fruits of Spanish and Mexican diet.

The evaluation of the glass transition temperature, Ty,
showed that pulp DFC and peel DFC had very different val- :
ues for onset, midpoint and endpoint T, being the values 3
for peel DFC, 28.03, 38.34, 43.75C and for pulp DFC, 5.52, :
7.64, 9.15C. For papaya peel DFC, it was detected a mid- :
point T, of ~38C while for pulp DFC, the midpoint T, was 3
~8C and this difference is probably associated to the higher :
moisture content of pulp, 8.7 g/100g versus 6.6 g/100g for :
peel DEC. Also, pulp DFC showed a WSF value of 24 g/ -
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100g, higher than the value of 15 g/100g observed for peel
DFC trend that could have contributed to the lower T, of
the former if it is considered that the majority of the solids
in WSEF are simple sugars which are known to be responsible
for the glass transition observed in fruits (Slade and Levine
1995; Vega-Gdlvez et al. 2012). The high T, observed for
peel DFC along with its high water absorption capacity and
cell wall polysaccharide content, indicates that this fraction
can be used for improving the nutritional quality, rheologi-
cal characteristics and thermochemical properties of food
products. In particular, it can contribute to the shelf-life
along storage of baked products such as cookies, helping to
keep stable its organoleptic characteristics, which largely
depend on the maintenance of their glassy state (Slade and
Levine 1995), or also to increase the T, in formulations of
ice cream in which the crystallization phenomena are com-
mon during storage and distribution, impairing ice quality
(Soukoulis et al. 2009).

CONCLUSIONS

The process conditions for the production of papaya pulp
dietary fiber concentrates (DFCs), by means of ethanol
extraction and microwave assisted drying, were studied
through the use of a factorial design and a response surface
analysis. The factorial design showed that the extraction
parameters that exerted the greatest influence on DFC prop-
erties were the extraction time and ethanol/sample ratio.
The response surface analysis was performed using as
process variables, the extraction time, ethanol/sample ratio
and drying temperature. This study revealed that the process
conditions that maximize hydration properties were similar
(high time of extraction, low ratio of ethanol to sample and
low drying temperature) while for the other properties eval-
uated, optimum conditions were different. The multiple
response analysis proposed a technique for production of
pulp DFC with optimized properties which involves a step
of extraction of 15 min, with an ethanol/sample ratio of
2.9 mL/g and a drying temperature of 40C. Additionally, the
same conditions were used to obtain DFC from papaya peel.
Both DFCs obtained showed a high cell wall polymer con-
tent. It can be highlighted that the high water-holding and
swelling capacity of the pulp DFC suggests the potential of
this fiber for improving the rheological properties of aque-
ous systems. The glass transition temperature analysis
showed higher T, values for peel DFC suggesting its useful-
ness for improving thermochemical stability of foods prod-
ucts, helping to maintain the glassy state in processed foods.
Finally, the content of phenolic compounds found in the
DFC of peel was twice that found in the DFC of pulp, allow-
ing to conclude that these concentrates may well provide

Stage:
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some type of antioxidant activity when included in a food 573

formulation.

ACKNOWLEDGMENT

This study was financially supported by University of Buenos

Aires (UBACyT 20020100100726 and 20020130100550BA/ 5

2014-2017), National Agency of Scientific and Technical
Research (PICT 2008-38239 and 2013-2088) and CONICET
(PIP 11220090100531 and 11220120100507/2013-2015).

REFERENCES

BETIKU, E. and TAIWO, A.E. 2015. Modeling and optimization
of bioethanol production from breadfruit starch hydrolyzate
vis-a-vis response surface methodology and artificial neural
network. Renew. Energy 74, 87-94.

BEZERRA, M.A., SANTELLI, R.E., OLIVEIRA, E.P,, VILLAR,
L.S. and ESCALEIRA, L.A. 2008. Response surface
methodology (RSM) as a tool for optimization in analytical
chemistry. Talanta 76, 965-977.

BORDIGA, M., TRAVAGLIA, E, LOCATELLI, M., ARLORIO,
M. and COISSON, J.D. 2015. Spent grape pomace as a still
potential by-product. Int. J. Food Sci. Technol. 50, 2022-2031.

BUNZEL, M., RALPH, J., MARITA, J. and STEINHART, H.
2000. Identification of 4-O-5’-coupled diferulic acid from
insoluble cereal fiber. J. Agric. Food Chem. 48, 3166-3169.

CADDEN, A.M. 1987. Comparative effects of particle size
reduction on physical structure and water binding properties
of several plant fibers. J. Food Sci. 52, 1595-1599.

CRAFT, N.E. and SOARES, J.H. 1992. Relative solubility,
stability, and absorptivity of lutein and beta.-carotene in
organic solvents. J. Agric. Food Chem. 40, 431-434.

DE BARROS, B., SPACINO, I. and BRUNS, R.E. 2003. Como
Fazer Experimentos. Pesquisa e Desenvolvimento na Ciencia e
na Indiistria. Unicamp Ed, Sao Paulo, Brazil.

DE ESCALADA PLA, M.F,, GONZALEZ, P,, SETTE, P,
PORTILLO, E, ROJAS, A.M. and GERSCHENSON, L.N.
2012. Effect of processing on physico-chemical characteristics
of dietary fibre concentrates obtained from peach (Prunus
persica L.) peel and pulp. Food. Res. Int. 49, 184-192.

DE ESCALADA PLA, M.E, PONCE, N.M., STORTZ, C.A.,
GERSCHENSON, L.N. and ROJAS, A.M. 2007. Composition
and functional properties of enriched fiber products obtained
from pumpkin (Cucurbita moschata Duchesne ex Poiret).
LWT - Food Sci. Technol. 40, 1176-1185.

DE ESCALADA PLA, M.E, URIBE, M., FISSORE, E.N.,
GERSCHENSON, L.N. and ROJAS, A.M. 2010. Influence of
the isolation procedure on the characteristics of fiber-rich
products obtained from quince wastes. J. Food Eng. 96,
239-248.

DEL CASTILLO, E., MONTGOMERY, D.C. and MCCARVILLE,
D.R. 1996. modified desirability functions for multiple
response optimization.pdf. J. Qual. Technol 28, 337-345.

10 Journal of Food Processing and Preservation 00 (2016) 00-00 © 2016 Wiley Periodicals, Inc.

|D: thangaraj.n Time: 03:32 |

Path: //chenas03/Cenpro/ApplicationFiles/Journals/Wiley/JFPP/VVol00000/160273/Comp/APPFile/JW-JFPP160273

Page: 10



AQ5

AQ6

J_ID: JFPP Customer A_ID: JFPP13071 Cadmus Art: JFPP13071 Ed. Ref. No.: JFPP-09-15-0960.R1 Date: 26-April-16

660
661
662
663
664
665
666
667
668
669
670
671
672
673
674
675
676

677

J.E.NIETO CALVACHE ET AL.

ELLEUCH, M., BEDIGIAN, D., ROISEUX, O., BESBES, S.,
BLECKER, C. and ATTIA, H. 2011. Dietary fibre and fibre-
rich by-products of food processing: Characterisation,
technological functionality and commercial applications: A
review. Food Chem. 124, 411-421.

ESHAK, E.S., ISO, H., DATE, C., KIKUCH]I, S., WATANABE, Y.,
WADA, Y., WAKAL K. and TAMAKOSHI, A. 2010. Dietary
fiber intake is associated with reduced risk of mortality from
cardiovascular disease among Japanese men and women. J.
Nutr. 140, 1445-1453.

EVANS, E.A. and BALLEN, EH. 2012. An overview of global
papaya production, trade, and consumption. http://edistt.ifas.
ufl.edu/pdffiles/FE/FE91300.pdf (accessed September 1,
2015).

GARAU, M.C.,, SIMAL, S., ROSSELLO, C. and FEMENIA, A.
2007. Effect of air-drying temperature on physico-chemical
properties of dietary fibre and antioxidant capacity of orange
(Citrus aurantium v. Canoneta) by-products. Food Chem.
104, 1014-1024.

GAYOSSO-GARCIA SANCHO, L.E., YAHIA, E.M. and
GONZALEZ-AGUILAR, G.A. 2011. Identification and
quantification of phenols, carotenoids, and vitamin C from
papaya (Carica papaya L., cv. Maradol) fruit determined by
HPLC-DAD-MS/MS-ESI. Food. Res Int. 44, 1284-1291.

GERSCHENSON, L.N., BARTHOLOMAI G.B. and CHIRIFE, J.
1981. Structural collapse and volatile retention during heating
and rehumidification of freeze-dried tomato juice. J. Food Sci.
46, 1552—-1556.

GOMEZ-ORDONEZ, E., IMENEZ-ESCRIG, A. and RUPEREZ,
P. 2010. Dietary fibre and physicochemical properties of
several edible seaweeds from the northwestern Spanish coast.
Food Res. Int. 43, 2289-2294.

GUILLON, FE, AUFFRET, A., ROBERTSON, J.A., THIBAULT,
J.E. and BARRY, J.L. 1998. Relationships between physical
characteristics of sugar-beet fibre and its fermentability by
human faecal flora. Carbohydr. Polym. 37, 185-197.

GUILLON, E, CHAMP, M., THIBAULT, J.F. and SAULNIER, L.
2011. Dietary fibre functional products. In Functional Foods,
2nd Ed., (M. Saarela, ed.) pp. 582-622. Woodhead Publishing.

HERVERT-HERNANDEZ, D., GARCIA, O.P,, ROSADO, J.L.
and GONI, 1. 2011. The contribution of fruits and vegetables
to dietary intake of polyphenols and antioxidant capacity in a
Mexican rural diet: Importance of fruit and vegetable variety.
Food Res. Int. 44, 1182—-1189.

IORA, S.R.E, MACIEL, G.M., ZIELINSKI, A.A.E, da SILVA,
M.V,, PONTES, P.V.D.A., HAMINIUK, C.W.I. and
GRANATO, D. 2015. Evaluation of the bioactive compounds
and the antioxidant capacity of grape pomace. Int. J. Food Sci.
Technol. 50, 62—69.

ISKEN, E, KLAUS, S., OSTERHOFF, M., PFEIFFER, A.EH. and
WEICKERT, M.O. 2010. Effects of long-term soluble vs.
insoluble dietary fiber intake on high-fat diet-induced obesity
in C57BL/6] mice. J. Nutr. Biochem. 21, 278-284.

KIVELA, R. 2011. Non-enzymatic degradation of (1—3) (1—4)-
beta-D-Glucan in aqueous processing of oats. https://helda.

Stage:

DIETARY FIBER CONCENTRATES FROM PAPAYA

helsinki.fi/bitstream/handle/10138/27303/nonenzym.
pdftsequence=1 (accesed September 15, 2015).

KROKIDA, M.K. and MAROULIS, Z.B. 2007. Effect of
microwave drying on some quality properties of dehydrated
products. Drying Technol. 17, 449—466.

LATORRE, M.E., DE ESCALADA PLA, M.E, ROJAS, A.M. and
GERSCHENSON, L.N. 2013. Blanching of red beet (Beta
vulgaris L. var. conditiva) root. Effect of hot water or
microwave radiation on cell wall characteristics. LWT - Food
Sci. Technol. 50, 193-203.

LAUFENBERG, G., KUNZ, B. and NYSTROEM, M. 2003.
Transformation of vegetable waste into value added products.
Bioresour. Technol. 87, 167—-198.

MADRAU, M.A., PISCOPO, A., SANGUINETTI, A.M., DEL
CARO, A., POIANA, M., ROMEO, EV. and PIGA, A. 2009.
Effect of drying temperature on polyphenolic content and
antioxidant activity of apricots. Eur. Food Res. Technol. 228,
441-448.

MONTGOMERY, D.C. 2008. Design and Analysis of Experiments,
Wiley, New Jersey.

MUGGERIDGE, M. and CLAY, M. 2001. Quality specifications for
herbs and spices. In Handbook of Herbs and Spices, (K.V. Peter,
ed.), pp. 13-21, Woodhead Publishing, Cambridge, England.

NIETO CALVACHE, J.E., FISSORE, E.N., LATORRE, M.E.,
SORIA, M., DE ESCALADA PLA, M.F. and GERSCHENSON,
L.N. 2015. Obtention of dietary fibre enriched fractions from
peach bagasse using ethanol pre-treatment and microwave
drying. LWT - Food Sci. Technol. 62, 1169-1176.

OLOYEDE, O.I 2005. Chemical profile of unripe pulp of Carica
papaya. Pak. ]. Nutr. 4, 379-381.

PAGANA, L., MORAWICKI, R. and HAGER, T.J. 2014. Lactic
acid production using waste generated from sweet potato
processing. Int. J. Food Sci. Technol. 49, 641-649. doi:
10.1111/ijfs.12347

PANESAR, P.S. and KAUR, S. 2015. Bioutilisation of agro-
industrial waste for lactic acid production. Int. J. Food Sci.
Technol. 50, 2143-2151. DOI: 10.1111/ijfs.12886

RIVERA-PASTRANA, D.M., YAHIA, E.M. and GONZALEZ-
AGUILAR, G.A. 2010. Phenolic and carotenoid profiles of
papaya fruit (Carica papaya L.) and their contents under low
temperature storage. J. Sci. Food Agric. 90, 2358-2365.

SAURA-CALIXTO, E, SERRANO, J. and GONI, L. 2007. Intake
and bioaccessibility of total polyphenols in a whole diet. Food
Chem. 101, 492-501.

SHUI, G. and LEONG, L.P. 2006. Residue from star fruit as
valuable source for functional food ingredients and
antioxidant nutraceuticals. Food Chem. 97, 277-284.

SLADE, L. and LEVINE, H. 1995. Water and the glass transition.
Dependence of the glass transition on composition and
chemical structure: Special implications for flour functionality
in cookie baking. J. Food Eng. 24, 431-509.

SOUKOULIS, C., LEBESI, D. and TZIA, C. 2009. Enrichment of
ice cream with dietary fibre: Effects on rheological properties,
ice crystallisation and glass transition phenomena. Food
Chem. 115, 665—671.

Journal of Food Processing and Preservation 00 (2016) 00-00 © 2016 Wiley Periodicals, Inc. 11

|D: thangaraj.n Time: 03:32 |

Path: //chenas03/Cenpro/ApplicationFiles/Journals/Wiley/JFPP/VVol00000/160273/Comp/APPFile/JW-JFPP160273

Page: 11

678
679
680
681
682
683
684
685
686
687
688
689
690
691
692
693
694
695
696
697
698
699

703
704
705
706
707
708
709
710
711


http://edistt.ifas.ufl.edu/pdffiles/FE/FE91300.pdf
http://edistt.ifas.ufl.edu/pdffiles/FE/FE91300.pdf
http://https://helda.helsinki.fi/bitstream/handle/10138/27303/nonenzym.pdf?sequence=1
http://https://helda.helsinki.fi/bitstream/handle/10138/27303/nonenzym.pdf?sequence=1
http://https://helda.helsinki.fi/bitstream/handle/10138/27303/nonenzym.pdf?sequence=1
http://https://helda.helsinki.fi/bitstream/handle/10138/27303/nonenzym.pdf?sequence=1
info:doi/10.1111/ijfs.12347
info:doi/10.1111/ijfs.12886

J_ID: JFPP Customer A_ID: JFPP13071 Cadmus Art: JFPP13071 Ed. Ref. No.: JFPP-09-15-0960.R1 Date: 26-April-16 Stage:  Page: 12

DIETARY FIBER CONCENTRATES FROM PAPAYA J.E. NIETO CALVACHE ET AL.
SPIGNO, G., TRAMELLI, L. and DE FAVERI, D.M. 2007. Effects MONDACA, R. and DI SCALA, K. 2012. Effect of
of extraction time, temperature and solvent on concentration temperature and air velocity on drying kinetics, antioxidant
and antioxidant activity of grape marc phenolics. J. Food Eng. capacity, total phenolic content, colour, texture and
81, 200-208. microstructure of apple (var. Granny Smith) slices. Food
TOSH, S.M. and YADA, S. 2010. Dietary fibres in pulse seeds Chem. 132, 51-59.
and fractions: Characterization, functional attributes, and WUROCHEKKE, A.U., EZE, H.T. and DECLAN, B. 2013.
applications. Food Res. Int. 43, 450—-460. Comparative study on the nutritional content of Carica
VEGA-GALVEZ, A., AH-HEN, K., CHACANA, M., VERGARA, papaya at different ripening stages. Int. J. Pure Appl. Sci.
J., MARTINEZ-MONZO, J., GARCIA-SEGOVIA, P, LEMUS Technol. 14, 80-83.
12 Journal of Food Processing and Preservation 00 (2016) 00-00 © 2016 Wiley Periodicals, Inc.

ID: thangaraj.n Time: 03:32 | Path: //chenas03/Cenpro/ApplicationFiles/Journals/Wiley/JFPP/\Vol00000/160273/Comp/APPFile/JW-JFPP160273



J_ID: JFPP Customer A_ID: JFPP13071 Cadmus Art: JFPP13071 Ed. Ref. No.: JFPP-09-15-0960.R1 Date: 26-April-16 Stage:

AUTHOR QUERY FORM

Dear Author,

Page: 13

During the preparation of your manuscript for publication, the questions listed below have arisen. Please attend to

these matters

and return this form with your proof.

Many thanks for your assistance.

Query Query Remarks

References

AQ1 Please provide the department/division name, city and state for affiliations 2 and 3.

AQ2 Please note that reference citation (Laufenberg et al. 2011) was changed to (Laufenberg et al. 2003) as
per reference list.

AQ3 Please provide a complete sentence “Es.. .., new version.”

AQ4 Please provide the city and state for the manufacturer details.

AQ5 Please provide complete details for reference (Evans and Ballen 2012; Kiveld 2011).

AQ6 Please provide the location for reference (Guillon et al. 2011).

AQ7 Please confirm that given names (red) and surnames/family names (green) have been identified
correctly.

Please confirm that the funding sponsor list below was correctly extracted from your article: that it includes all funders and
that the text has been matched to the correct FundRef Registry organization names. If a name was not found in the FundRef
registry, it may be not the canonical name form or it may be a program name rather than an organization name or it may be

an organization not yet included in FundRef Registry. If you know of another name form or a parent organization name for a
not found item on this list below, please share that information.

REGISTRY]

FundRef name FundRef Organization FundRef DOI Grant IDs
Name (Country)
University of Buenos Aires [NOT FOUND IN FUNDREF UBACyT 20020100100726

National Agency of Scientific | [NOT FOUND IN FUNDREF
and Technical Research REGISTRY]

PICT 2008-38239

CONICET

Consejo Nacional de Investi- | 10.13039/501100002923
gaciones Cientificas y
Técnicas

PIP 11220090100531

|D: thangaraj.n Time: 03:32 |

Path: //chenas03/Cenpro/ApplicationFiles/Journals/Wiley/JFPP/VVol00000/160273/Comp/APPFile/JW-JFPP160273


10.13039/501100002923

	AQ7
	AQ1
	AQ2
	AQ3
	AQ4
	AQ5
	AQ6
	AQ2
	AQ3
	AQ4
	AQ5
	AQ1
	AQ6
	AQ7



